SUMMARY In the present study, an attempt was made to examine the sensitivity of the Bereitschaftspotential (BP) preceding simple finger movement in revealing pathophysiological patterns of premovement cortical activity in patients with chronic unilateral lesions of the supplementary motor area (SMA). Usually, in healthy subjects, BP has a clear maximum in Cz with larger amplitudes than in Ccon (located over the motor cortex, contralateral to the performing hand). In the patients, amplitudes did not differ between Cz and Ccon. This effect of the lesion on BP topography, was found in movements of either side. However, intraindividual comparisons revealed that the reduction of the BP in Cz (relative to Ccon) was larger for movements contralateral to the SMA lesion than for those ipsilateral of it.
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Although known since the paper by C. and 0. Vogt,' the supplementary motor area (SMA), located on the mesial surface of the frontal lobe between the hemispheres, has recently regained attention, after recordings of the Bereitschaftspotential (BP) or readiness potential in patients with Parkinson's disease2 and measurements of regional cerebral blood flow34 have shown that SMA is active in conjunction with voluntary movements. Based on increasing experimental data, it has been suggested by Kornhubers (3) should expand from the mantle edge to the cingulate sulcus, (4) had to be restricted to the SMA, (5) had to be solitary, and (6) patients had to be right handed. Lesions consisted of infarctions within the territory of the anterior cerebral artery, or of meningiomas of the falx, or other tumours, after operation. From the 20 patients whose CTs were taken into closer consideration, 15 agreed to be readmitted to the clinic and volunteered to participate in an experiment of 3 to 4 hours duration. In the end, only 12 patients matched our strict criteria of successful BP experiments.
The CTs were evaluated by the method of Blunk et al.17 which was extended to include high frontoparietal sections. Lesion areas in the patients' CTs were transferred to dot diagrams of nine standard CT axial matrices in a computerreadable form. Eight patients had their lesions in the right hemisphere, four had them in the left. According to the C.5 mental design of the study all data were processed in terms of "affected hand" (that is, movements performed contralaterally to the SMA lesion) or of "healthy hand" (movements performed ipsilaterally to the SMA lesion). For display, all lesions were shifted to the right hemisphere: fig  1A shows 
0) was determined by the first activity in the rectified EMG (rEMG) of the flexor digitorum communis muscle, pars indicis (cf. "EMG" in fig 2) . Only those trials were taken for averaging in which the rEMG has a clear-cut ascent.
Large electrodes (16mm in diameter) were affixed to the scalp using Grass EC2 cream at positions F3, Fz, F4, FCz (10% anterior of the vertex in order to overlie the SMA), C3, Cz (vertex), C4, P3, Pz, and P4. These 10 channels along with the EOG (medial upper versus lateral lower orbital rim), rEMG, and the mechanogram were averaged in an off-line procedure that automatically rejected those trials, which on-line had been marked as contaminated by artifacts (because of movements of eyes or orofacial musculature, etc.). Interelectrode impedances were kept below 1 kQ in order to prevent skin potential artifacts."9
Finger flexions contralateral to the SMA lesion ("affected hand") and finger flexions ipsilateral to the SMA lesion ("healthy hand") were performed in separate runs of 64 artifact-free trials, the order of which was balanced across experiments. Each experiment consisted of four runs, bringing together the total number of 128 trials per condition.
The analysis period was 3 seconds, 2s of which were pretrigger. The baseline was created by computer from the first 0 75 s. The time constant was 2-7 s (EMG 0 3 s) and the upper frequency limit was 70 Hz (EMG 700 Hz). In order to derive a single parameter for statistical tests, the mean negativity over the last 100 ms prior to movement onset was calculated (N-BP). For statistics, the Wilcoxon matched pairs signed rank test (including Bonferroni's correction) was used.
Lesion-induced effects on the BP were assessed by comparing the BP for movements of the "affected hand" with the BP for movements of the "healthy hand". The following parameters were used for these comparisons: N-BP, recorded in the different leads, and dN-BPC, difference between Cz and Ccon (Ccon: position over the motor cortex hand area contralateral to the performing hand) and dN-BPFcZ, difference between FCz and Ccon, in order to quantify BP topography.
Reasoning from previous investigations,2 it was believed that activity from the SMA can be best recorded from leads over the fronto-central midline (FCz and Cz). The parameters dN-BPC and dN-BPF c zwere supposed to be adequate for quantifying a relative BP reduction over the frontocentral midline since it is known from literature that in healthy human subjects a BP maximum can consistently be found at Cz, which implies that the BP in Cz is larger than the one in Ccon.20-24
Results
In central and parietal recordings, a surface negative Bereitschaftspotential (BP) preceded the finger movements which were performed either contralaterally or ipsilaterally to the SMA lesion (fig 2A, B) .
Comparing the two conditions, the mean negativity during the last 100 ms prior to the onset of the movement (N-BP) revealed hardly any difference. In particular, no significant differences could be found in FCz and Cz: In FCz, the amplitudes were -2-46 MV (SE 0 61) for the "affected hand" and -2-62 pV (SE 0-62) for the "healthy hand". In Cz, the amplitudes were -3-53 pV (SE 0-58) for the "affected hand" and 3-76 pV (0-68) for the "healthy hand".
In the two conditions, "healthy hand" and "affected hand", the largest amplitudes of N-BP were obtained in Cz and Ccon. dN-BPC was significant neither for movements of the "healthy hand" nor for those of the "affected hand", that is, a significant BP maximum in Cz was missing in both conditions. This relative reduction of the BP over the fronto-central midline, which represents an effect of the SMA lesion was larger for movements of the "affected hand" than it was for those of the "healthy hand"; N-BP for movements of the "healthy hand" averaged - dN-BPF c was significant for movements contralateral to the SMA lesion with larger BP amplitudes in Ccon (p < 005). The reduction of BP amplitudes in FCz (relative to Ccon) was larger in movements of the "affected hand" than it was in those of the "healthy hand" (p < 0-05).
Discussion
Two results seem to be of interest: (1) In patients with unilateral lesions of the SMA, a BP maximum at Cz is missing in movements of either side. ( 2) The relative reduction of the BP amplitude in the fronto-central midline (FCz and Cz) as compared with Ccon is larger for movements contralateral to the SMA lesion than for those ipsilateral of it.
Owing to the first result, unilateral SMA lesions affect, to some extent, BP topography in movements of either side. This finding may support the concept that each SMA is involved in movements of either side of the body, at least in simple movements such as flexions of the finger. In our cases, the remaining SMA might control both MI areas, the contralateral one via known connections through the corpus callosum which, according to the CTs, remained intact in our subjects. There is evidence in the literature for this assumption: In monkeys, SMA neurons showed modulation of their activity during particular movements and did so regardless of whether the contralateral or the ipsilateral arm was used. 29 30 This work was supported by the Deutsche Forschungsgemeinschaft (De 302/3-1).
